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(57)Abstract: 

PURPOSE: To achieve that a pattern by a photoresist which 
has become inessential is removed without any residue while a 
desired pattern shape is kept without genaturing a pattern by a 
silicone resin such as without causing any crack or the like by a 
method wherein the silicone resin provided with any organic 
component is etched without lowering an etch rate. 
CONSTITUTION: A silicone resin layer 2 is formed on a 
semiconductor substrate 1, a pattern composed of a photoresist 
layer 3 is formed on it by photolithography, the silicone resin 
layer 2 is dry-etched by making use of the photoresist layer 3 
as a mask, and the shape of the photoresist layer 3 is 
transferred. At this time, a mixed gas of oxygen gas at a volume 
ratio of 60% and CHF3 gas is used as a reaction gas. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 



[Claim(s)] 

[Claim 1] The process which forms on a substrate the silicone film which consists of ladder mold 
organopolysiloxane, The process which forms the photoresist layer which has photosensitivity on said silicone 
film, The process which forms said photoresist layer in a predetermined pattern with a photoengraving-process 
technique, The mixed gas of the gas which consists of a compound of oxygen gas, a fluorine, and carbon is used. 
The volume ratio of the gas which consists of oxygen gas in this mixed gas and said compound performs dry 
etching, using as reactant gas what was doubled with the ratio of the organic component of said silicone film, and 
a mineral constituent. The pattern formation approach of the silicone characterized by including the process 
which imprints the configuration of the pattern on said silicone film by using the pattern of said photoresist as a 
mask. 

[Claim 2] The pattern formation approach of silicone that the electron generated from reactant gas after said 
process to imprint, reactant ion, etc. are characterized by including the process which removes the pattern of 
said photoresist to said reactant gas using oxygen gas in the pattern formation approach of silicone according to 
claim 1 using the dry type stripper which does not participate in a reaction object. 

[Claim 3] The pattern-formation approach of silicone that the electron generated from the processing by the 
plasma of inert gas or reactant gas , reactant ion , etc. be characterized by including the process which 
deteriorate the front face of said silicone film in the pattern formation approach of silicone according to claim 1 
by processing which used oxygen gas for said reactant gas using the dry reaction equipment which do not 
participate in a reaction object after forming said silicone film on said substrate . 
[Claim 4] The process which forms on a substrate the silicone film which consists of ladder mold 
organopolysiloxane, The process which forms the photoresist layer which has photosensitivity on said silicone 
film, The process which forms said photoresist layer in a predetermined pattern with a photoengraving-process 
technique, The process which imprints the configuration in said silicone layer by dry etching by using the pattern 
of said photoresist as a mask, The process from which the electron generated from reactant gas, reactant ion, 
etc. use oxygen gas for said reactant gas, and remove the pattern of said photoresist using the dry type stripper 
which does not participate in a reaction object, The pattern formation approach of the silicone characterized by 
including the process which carries out wet removal of the deposit generated at said process to imprint using 
the solution containing monoethanolamine and dimethyl sulfoxide. 

[Claim 5] The process which forms on a substrate the silicone film which consists of ladder mold 
organopolysiloxane, The electron generated from the processing by the plasma of inert gas or reactant gas, 
reactant ion, etc. by processing which used oxygen gas for said reactant gas using the dry reaction equipment 
which does not participate in a reaction object The process which deteriorates the front face of said silicone 
film, and the process which forms the photoresist layer which has photosensitivity on said silicone film, The 
process which forms said photoresist layer in a predetermined pattern with a photoengraving-process technique, 
The process which imprints the configuration on said silicone film by dry etching by using the pattern of said 
photoresist as a mask, The pattern formation approach of the silicone characterized by including the process 
which removes the pattern of said photoresist by the plasma of oxygen gas, and the process which carries out 
wet removal of the deposit which generated at said process to imprint using the solution containing 
monoethanolamine and dimethyl sulfoxide. 



3.1n the drawings, any words are not translated. 




CLAIMS 



[Translation done.] 

http://www4.ipdl.ncipi.go jp/cgi-bin/tran„web_cgLejje?u^ttp%3A%2F%2Fwww4.ipdl.ncipi.gojp%2FTo... 2004/10/12 



1/1 ^— V 



TECHNICAL FIELD 

[Industrial Application] This invention relates to the pattern formation approach of the silicone which consists of 
ladder mold organopolysiloxane. 
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PRIOR ART 

[Description of the Prior Art] The ladder mold organopolysiloxane {ladder mold silicone resin) with the structure 
of cross linkage of the shape of a ladder which is silicone is excellent in thermal resistance and moisture 
resistance, excellent in electric insulation, and since adhesion with a silicon dioxide etc. is good, it is used as an 
insulating layer of a semiconductor device. There are some which are shown in JP,1-32650,A in the pattern 
formation approach of this ladder mold silicone resin. This approach is an object with the especially desirable 
ladder mold silicone resin more than whose moiety of the organic component of the polysiloxane which is a 
principal component is the approach applied to what is a methyl group and the whole of this organic component 
of whose is a methyl group also in ladder mold silicone resin. 

[0003] The pattern formation approach of this conventional ladder mold silicone resin (it only considers as 
silicone below) is explained below. First, silicone is applied with a spin coat etc. on a substrate, the pattern of a 
photoresist is formed by the photolithography on the silicone layer formed by carrying out heat hardening of this, 
and heat hardening of this is carried out. A volume ratio etches by dry etching by using the pattern of a 
photoresist as a mask using the plasma according the substrate with which the pattern of a photoresist was 
formed on the silicone layer to mixed gas with 5 - 30% of oxygen gas, low-grade fluoridation carbon gas, or 
fluorohydrocarbon gas, and imprints the pattern configuration of a photoresist in a silicone layer. Subsequently, 
the pattern of a photoresist which the volume ratio used as a mask using the plasma of mixed gas with 2 - 50% 
of oxygen gas, low-grade fluoridation carbon gas, or fluorohydrocarbon gas was removed, and the pattern by 
silicone was formed. 

[0004] Here, when carrying out dry etching of the substrate with which the photoresist which -consists of a 
silicone layer and an organic compound exists, and using the plasma of the low-grade fluoridation carbon gas 
which does not mix oxygen gas, or fluorohydrocarbon gas, residue remains. Although it was thought that this 
residue remained without etching conventionally the alkyl group which is the side chain which constitutes 
silicone, when this invention person investigated this residue, that this residue is a compound which uses as a 
raw material the low-grade fluorohydrocarbon gas used for dry etching became whether to be **. Although this 
residue can carry out wet removal with the mixed liquor of monoethanolamine and dimethyl sulfoxide, since 
resistance does not have silicone in this mixed liquor, it cannot be used for the pattern formation of silicone. 
[0005] On the other hand, when the plasma only by oxygen gas is used, most silicone film is not etched, but the 
pattern of a photoresist is etched, and a silicone layer changes to a condition with the front face near a silicon 
dioxide. That is, a pattern cannot imprint in a silicone layer to form a pattern in (formation). The plasma by the 
mixed gas of low-grade fluoridation carbon gas or fluorohydrocarbon gas, and oxygen gas is used from the above 
thing at the time of the dry etching of silicone. There is little effectiveness which the volume ratio of the oxygen 
gas in this mixed gas makes mixed gas with oxygen gas at 5% or less here, and since the volume ratio of oxygen 
gas becomes [ an etch rate ] extremely slow at 30% or more, 5 - 30% of the volume ratio which the oxygen gas 
of this mixed gas occupies is suitable. 

[0006] By the way, the pattern of the photoresist used as a mask will become unnecessary if a pattern 
configuration is imprinted in a silicone layer by dry etching. Therefore, although the pattern of this photoresist 
must be removed, the photoresist which is dry etching and was exposed to the plasma is difficult to remove by 
etching wet [ usual ]. If the mixed liquor of monoethanolamine and dimethyl sulfoxide is used like residue also in 
this case, it is removable, but as mentioned above, etching wet [ this ] is not desirable to silicone. Therefore, a 
volume ratio also removes the pattern of this photoresist using the dry etching using the plasma of mixed gas 
with 2 - 50% of oxygen gas, low-grade fluoridation carbon gas, or fluorohydrocarbon gas. 

[0007] By the way, if the plasma of only oxygen gas is used when removing the pattern of a photoresist by dry 
etching, a crack will go into the resin film of the silicone by which pattern formation was carried out. The 
following things were considered as a cause of this crack. Since, as for silicone, the alkyl group in that side chain 
(organic component) is removed by the oxygen gas plasma, the front face of this silicone is covered with a 
silicon dioxide. In such the condition, from the coefficient of thermal expansion of the silicon dioxide which was 
wearing the front face of silicone, since the coefficient of thermal expansion of internal resin is larger and extent 
of expansion contraction of the direction of the body of silicone is larger than the front face which changed to 
the silicon dioxide when heating by the electron irradiation by the plasma at the time of dry etching etc. and 
subsequent cooling are performed, a surface silicon dioxide cannot catch up with the expansion contraction, but 
a crack occurs. Therefore, when dry etching removed a photoresist, the volume ratio used the plasma of mixed 
gas with 2 - 50% of oxygen gas, low-grade fluoridation carbon gas, or fluorohydrocarbon gas as mentioned above. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] There was a problem said that an etch rate becomes low in the 
silicone containing many things which become a side chain from an organic component like a phenyl group 
although it is suitable for the silicone which contains many methyl groups in a side chain in the dry etching for 
which the volume ratio used the plasma of mixed gas with oxygen gas [ of 5 - 30 volume % ], fluoridation carbon 
gas, or fluorohydrocarbon gas in the dry etching when imprinting a pattern first since it was made as mentioned 
above conventionally. Moreover, in the former, since the volume ratio had removed the pattern of the 
photoresist used as a mask by the dry etching using the plasma of mixed gas with 2 - 50% of oxygen gas, low- 
grade fluoridation carbon gas, or fluorohydrocarbon gas, there was a problem referred to as that the silicone 
layer of the layer under it will also be etched at this time. Therefore, in order to have made the pattern of 
silicone into desired thickness, the removal time amount of a photoresist needed to be controlled and it was that 
to which it reaches to an extreme of difficulty very much. 

[0009] Furthermore, when artificers investigated and there were few volume ratios of the oxygen gas in the 
mixed gas of the low-grade fluoridation carbon gas used at the time of dry etching or fluorohydrocarbon gas, and 
oxygen gas as 0 - 30%, it became clear that residue tends to remain as mentioned above. By the way, although 
this residue is a product which uses as a raw material fluorohydrocarbon used for etching as mentioned above, it 
is hard to deposit it on a flat part with high spatter effectiveness among dry etching, and easy to deposit it on 
the side-attachment-wall section of a pattern. For this reason, if the plasma of the mixed gas of the low oxygen 
gas of a volume ratio, low-grade fluoridation carbon gas, or fluorohydrocarbon gas is used, it is thought that it 
can etch into an anisotropy. That is, in dry etching, when imprinting this configuration to lower layer resin etc. by 
using the pattern of a photoresist as a mask, to a substrate, not all carry out incidence of the active species 
which participates in etching generated by the plasma of dry etching perpendicularly, and carry out incidence to 
a substrate (candidate for etching) from various directions. When active species carries out incidence aslant 
from the side face of a mask (photoresist) pattern, the configuration of a mask pattern will be imprinted in the 
condition that the lower layer resin etched by this is thinner than the configuration of a mask pattern. 
[0010] However, the side attachment wall of the pattern which it will form if the product from etching gas 
deposits on the side attachment wall of a pattern will be etched, and it is lost here that the imprinted pattern 
becomes thin of it. That is, it means that anisotropic etching was carried out. However, the deposited residue is 
unremovable with the plasma by oxygen gas. Although the approach of forming a pattern in an above-mentioned 
anisotropy is applied also to the pattern formation of inorganic film, such as silicon dioxide film and silicon, when 
the pattern to form is these inorganic film, the approach of carrying out wet removal of the photoresist using the 
mixed solution of monoethanolamine and dimethyl sulfoxide has been taken. However, silicone had the problem 
that silicone thickness decreased, when there is no resistance in the mixed solution of this monoethanolamine 
and dimethyl sulfoxide not much and wet etching by this was applied. 

[0011] This invention was made in order to solve the above problems, it is etched also in the silicone which has 
what kind of organic component, without reducing an etch rate, and while it has been the pattern configuration 
considered as the request which does not have deterioration in the pattern of silicone — a crack enters — it 
aims at enabling it to remove without residue the pattern of a photoresist which became unnecessary. 
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MEANS 



[Means for Solving the Problem] This invention is characterized by providing the following in the pattern 
formation approach of silicone. The process which forms on a substrate the silicone film with which things other 
than a methyl group also exist in an organic component The process which forms the photoresist layer which 
has photosensitivity on the silicone film The process which forms a photoresist layer in a predetermined pattern 
with a photoengraving-process technique The process to which the volume ratio of the gas which consists of 
oxygen gas in this mixed gas and said compound using the mixed gas of the gas which consists of a compound of 
oxygen gas, a fluorine, and carbon performs dry etching, using as reactant gas what was doubled with the ratio of 
the organic component of said silicone film, and a mineral constituent, and imprints the configuration of that 
pattern on the silicone film by using the pattern of a photoresist as a mask And this invention is characterized 
by the electron generated from reactant gas, reactant ion, etc. including the process which uses oxygen gas for 
reactant gas by the dry type stripper which does not participate in a reaction object, and removes the pattern of 
a photoresist in the pattern formation approach of above-mentioned silicone after the process to imprint. In 
addition, in the pattern-formation approach of the above-mentioned silicone, after this invention forms silicone 
on a substrate, it is in the processing by the plasma of inert gas, or the processing which used for reactant gas 
the oxygen gas by the dry reaction equipment with which neither the electron generate from reactant gas nor 
reactant ion participates in a reaction object, and is characterize by to include the process which deteriorates 
the front face of the silicone film. 

[001 3] Moreover, the pattern formation approach of the silicone this invention The process which forms the 
layer of silicone on a substrate, and the process which forms the photoresist layer which has photosensitivity on 
the silicone film, The process which forms a photoresist layer in a predetermined pattern with a photoengraving- 
process technique, The process which imprints the configuration in a silicone layer by dry etching by using the 
pattern of a photoresist as a mask, The process from which the electron generated from reactant gas, reactant 
ion, etc. use oxygen gas for reactant gas by the dry type stripper which does not participate in a reaction object, 
and remove the pattern of a photoresist, It is characterized by including the process which carries out wet 
removal of the deposit generated at the process to imprint using the solution containing monoethanolamine and 
dimethyl sulfoxide. 

[0014] Moreover, the pattern formation approach of the silicone this invention The process which forms the 
layer of silicone on a substrate, the electron generated from the processing by the plasma of inert gas or 
reactant gas, reactant ion, etc. by processing which used for reactant gas the oxygen gas by the dry reaction 
equipment which does not participate in a reaction object The process which deteriorates the front face of the 
silicone film, and the process which forms the photoresist layer which has photosensitivity on the silicone film, 
The process which forms a photoresist layer in a predetermined pattern with a photoengraving-process 
technique, The process which imprints the configuration in a silicone layer by dry etching by using the pattern of 
a photoresist as a mask, It is characterized by including the process which removes the pattern of a photoresist 
by the plasma of oxygen gas, and the process which carries out wet removal of the deposit which generated at 
the process to imprint using the solution containing monoethanolamine and dimethyl sulfoxide. 
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OPERATION 



[Function] In the dry etching at the time of a pattern imprint, reactant gas reacts the neither more nor less with 
the organic component for etching, and each component of the silicone which consists of mineral constituents. 
In addition, when removing the pattern of a photoresist which became unnecessary, the temperature change of a 
silicone layer seldom happens. And the front face of silicone will be in the condition of not being invaded by the 
solution containing the oxygen gas plasma, monoethanolamine, and dimethyl sulfoxide. Moreover, since the dry 
type stripper of a low damage mold is used, an electron, reactant ion, etc. of high energy do not participate in a 
silicone front face. 



[Translation done.] 
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EXAMPLE 



[Example] Hereafter, the example of this invention is explained using drawing. 

(Example 1) Drawing 1 (a) - (d) is the process sectional view showing one example of this invention. First, the 
weight average molecular weight which is shown in ** 1 and which has an OH radical in a side chain with a 
phenyl group at an end as an organic component carries out the spin coat of the anisole solution (what was 
adjusted to concentration about 35% of the weight) of the ladder mold organopolysiloxane (silicone) of about 
4000 on the semi-conductor substrate 1 . Prebaked 80 degrees C for 30 minutes in nitrogen-gas-atmosphere 
mind, and after that, carry out in 30 minutes at 1 50 degrees C, carry out postbake to the order for 60 minutes at 
350 degrees C, it was made to harden, and the silicone layer 2 with a thickness of about 1 micrometer was 
formed ( drawing 1 (a)). 
[0017] 
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[0018] However, n is an integer which gives weight average molecular weight 4000 [ about ]. 
[0019] Subsequently, the spin coat of the positive type photoresist is carried out on the hardened silicone layer 
2, it prebakes for 30 minutes at 80 degrees C in nitrogen-gas-atmosphere mind, and the photoresist layer 3 with 
a thickness of about 1 .5 micrometers is formed. In order to irradiate ultraviolet rays through a photo mask at this 
photoresist layer 3, to form a desired pattern by the photolithography method developed by being immersed in a 
developer after that etc. and to raise the dry etching-proof engine performance of this pattern, postbake for 30 
minutes was performed at 1 20 degrees C, and the mask pattern by the photoresist layer 3 was formed ( drawing 
1 (b)). 

[0020] Next, it is oxygen gas and CHF3 considering the silicone layer 2 in which the mask pattern by this 
photoresist layer 3 was formed as reactant gas. The mixed gas of gas was used and dry etching was carried out 
by the RIE method under the pressure of 1 OPa, and the conditions of RF output 400W. It has etched in a short 
time for a little less than 5 minutes ( drawing 1 (c)). Here, the ratio of molecular weight with the siloxane (SiO) 
which is the mineral constituent which combines the silicone layer 2 shown in ** 1 the phenyl group (-C6H5) 
which is an organic component, and in the shape of a ladder is about 3:2. Therefore, the reactant gas at the time 
of etching is the oxygen gas which made the volume ratio 60%, and CHF3. Mixed gas with gas is used. 
[0021] This ratio is the following, and is made and computed. Since the phenyl group which is an organic 
component consists of six carbon of molecular weight 1 2, and five hydrogen of molecular weight 1 , the molecular 
weight of this phenyl group is 12x6+1x5=77. Since the siloxane which is a mineral constituent consists of one 
silicon of molecular weight 28, and one oxygen of molecular weight 16, the molecular weight of this siloxane is 
44. The silicone shown by ** 1 here is the compound which H <hydrogen) and OH (OH radical) combined with 
both ends, although the condition that the siloxane which one phenyl group combined had joined together in the 
shape of a ladder through one oxygen (ladder mold) was made into basic structure and n of this basic structure 
were connected. Therefore, since the ratio of the organic component of silicone and mineral constituent which 
are shown by this ** 1 is a ratio with the oxygen which is carrying out a phenyl group, a siloxane, and ladder 
association, it is set to :(molecular weight x2 of phenyl group) (molecular weight of molecular weight x2+ oxygen 
of siloxane) **(77x2):(44x2+16) **3:2. 

[0022] Finally, ashing removal of the photoresist layer 3 was carried out using low damage mold Usher of the 
type which the plasma generating room and the reaction chamber separated, using oxygen gas as reactant gas 
( drawing 1 (d)). In this way, a crack was not accepted in the silicone layer 2 by which pattern formation was 
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carried out, and reduction in thickness was not seen, either, and there was also no adhesion of residue. In 
addition, also when a photoresist layer 3 was removed using Usher of the low damage mold of an parallel 
monotonous mold who uses oxygen gas for reactant gas (ashing), the same result as this was obtained. In this 
type of Usher, neither the electron which it becomes [ electron ] only a neutral radical participating in ashing 
among the active species generated by the plasma, and it collides [ electron ] with an ashing object, and makes 
heat emit, nor reactant ion (0-) reaches the semi-conductor substrate 1 with the silicone layer 2. 
[0023] (Example 2) Although the above-mentioned example 1 showed the pattern formation method about the 
silicone which has only a phenyl group in a side chain, the same is said of the silicone which doubles and has a 
methyl group and a phenyl group as other silicone is sufficient as, for example, shown in ** 2. In this case, for 
the ratio of the molecular weight of an organic component and a siloxane, since it is 2:3. a volume ratio is 40% of 
oxygen gas, and CHF3 as reactant gas. Etching as reactant gas using mixed gas with gas, others all performed 
pattern formation on condition that the example 1. Etching could be performed in a short time for a little less 
than 3 minutes, and the good result was obtained like [ after removal of a photoresist layer 3 ] the example 1 . 
[0024] 
[Formula 2] 
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[0025] However, R is a methyl group or a phenyl group, and the mole ratio of a methyl group and a phenyl group 
is 2:1. Moreover, n is an integer which gives weight average molecular weight 4000 [ about ]. 
[0026] (Example 3) The oxygen gas of reactant gas [ in / at the above-mentioned example / to the organic 
component of the silicone layer 2, and the ratio of a siloxane / dry etching ], and CHF3 By doubling the ratio of 
gas, dry etching when imprinting the pattern of a photoresist layer 3 is performed. Thereby, it is CHF3. The 
residue which is a resultant by the dry etching from the gas plasma did not occur, but low damage mold Usher 
had removed the photoresist layer 3 as reactant gas only using oxygen gas, without taking this residue into 
consideration. However, it sets at the process which imprints not the thing to restrict to this but the photoresist 
layer 3 shown in drawing 1 (c) of an example 1, and a volume ratio is 20% of oxygen gas, and CHF3 as reactant 
gas. It is good in a line for 30 minutes using mixed gas with gas. Others performed the process same to drawing 
i (d) as an example 1 . And finally the wet process was performed with monoethanolamine and dimethyl sulfoxide 
mixed liquor, and residue was removed. 

[0027] Although the oxygen gas plasma was used by low damage mold Usher like the example 1 when removing a 
photoresist layer 3 in the case of this example, thereby, a change of state is carried out and the resistance over 
monoethanolamine and dimethyl sulfoxide mixed liquor with the front face of the silicone layer 2 near a silicon 
dioxide improves. Consequently, the front face where neither residue nor a crack as well as an example 1 is seen 
was able to be obtained. Furthermore, since dry etching was carried out with reactant gas with few rates of a 
volume ratio of oxygen gas when imprinting the pattern of a photoresist layer 3, it changed into the condition of 
anisotropic etching more, and pattern formation with high process tolerance was completed. 
[0028] (Example 4) Although Usher of a low damage mold was used in the above-mentioned example when 
removing a photoresist layer 3, Usher who is not a low damage mold can be used for removal of a photoresist 
layer 3 by pretreating in the silicone layer 2. In this case, the same process as an example 1 is first performed to 
drawing 1 (a), and the silicone layer 2 is formed on the semi-conductor substrate 1 . Then, RF output 400W and a 
pressure performed nitrogen gas plasma treatment for 1 minute under the conditions of 9TorKs) as 
pretreatment. It enters so that it may change to a condition with the front face of the silicone layer 2 near a 
silicon dioxide by this and a nitrogen atom may fill a clearance, and the front face will be in a more precise 
condition. Subsequently, as shown in drawing 1 (b) and (c), it etched according to the same -process as an 
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example 1 . Finally, the oxygen gas plasma removed the photoresist layer 3 using barrel-type Usher who is not a 
low damage mold. 

[0029] Although the crack had arisen on the front face of the silicone layer 2 in the former when Usher who is 
not a low damage mold removed the photoresist layer 3 (ashing), this is based on the reason shown below. 
Silicone will change to a condition with the front face near a silicon dioxide, if energy is given by the oxygen gas 
plasma or the nitrogen gas plasma. Existence of high energy [ at this time ] electron [ the reactant ion generated 
by the oxygen gas plasma, an electron, etc. ] active species performs change to that silicon dioxide more rapidly. 
And a big temperature change is also produced in the rapid chemical reaction and coincidence, if a big 
temperature change arises in coincidence when the front face of silicone changes with plasma to the condition 
near a silicon dioxide, a crack will arise on the front face which changed to the condition near a silicon dioxide, 
and the front face which changed into the condition near a silicon dioxide since the stress by heat with the 
carrying-out silicone layer differed greatly. 

[0030] However, since it is hard to produce reactant ion, an electron, etc., the above exothermic reaction cannot 
occur, therefore can make change in the condition near [ without generating of a crack ] a silicon dioxide cause 
on the surface of silicone in processing by the nitrogen gas plasma or the oxygen gas plasma using Usher of a 
low damage mold. Thus, a crack was not accepted, either but the silicone layer 2 by which pattern formation was 
carried out obtained the good result like the example 1. 

[0031] (Example 5) pretreatment by the oxygen gas plasma are easy to be the processing which it does not 
restrict [ processing ] to this and changes the front face of the silicone layer 2 to a silicon dioxide although 
nitrogen gas plasma treatment was performed as pretreatment in the above-mentioned example 4, and using 
Usher of a low damage mold — the front face of the silicone layer 2 — a silicon dioxide — you may make it 
change to a near condition In the case of this example 5, the same process as an example 4 is first performed to 
drawin g 1 (a), and the silicone layer 2 is formed on the semi-conductor substrate 1 . Then, oxygen gas plasma 
treatment was performed for 1 minute under RF output 400W and conditions with a pressure of 20Pa using low 
damage mold Usher, after this, the same process as an example 4 was performed and pattern formation was 
carried out. In this example 5, since it is pretreating by the oxygen gas plasma and supply of oxygen is also 
carried out in addition to supply of energy, the front face of the silicone layer 2 is changing to the condition 
more near a silicon dioxide as compared with pretreatment of an example 4. Then, when the silicone layer 2 was 
observed, the good result was obtained like the example 1 . 

[0032] {Example 6) It is the oxygen gas of reactant gas, and CHF3 at the time of the dry etching which it is 
materialized that it is the same as that of the relation between an example 1 and an example 3, and imprints the 
pattern of a photoresist layer 3 also in the above-mentioned examples 4 and 5 here. The content of oxygen gas 
may be made low, without doubling the ratio of gas with the molecular weight ratio of the organic component of 
the silicone layer 2, and a siloxane. In the case of this example 6, the same process as an example 4 was 
performed to drawing 1 (b), and etching was performed at the same process as an example 3. And the oxygen 
gas plasma performed for removal of a photoresist layer 3 using Usher of the same barrel type as an example 4 
first, in addition the mixed liquor of monoethanolamine and dimethyl sulfoxide was used for it like the example 3 
at removal of residue. Then, when the silicone layer 2 was observed, the good result was obtained like the 
example 3. 

[0033] (Example 7) Even if the oxygen gas plasma performs pretreatment of the silicone layer 2 using Usher of a 
low damage mold like an example 5 and it finally uses the mixed liquor of monoethanolamine and dimethyl 
sulfoxide for removal of residue like an example 3 again, the same effectiveness as the above-mentioned 
example is done so. 

[0034] (Example 8) In addition, in the above-mentioned example, although the positive type was used for the 
photoresist layer 3, it is not limited to this, and even if it uses a negative mold, the same effectiveness is 
acquired. Moreover, in the above-mentioned example, before carrying out spin coating of the photoresist layer 3, 
heat curing of the silicone layer 2 was carried out, but it is not limited to this, and the same effectiveness is 
acquired, even if it carries out after removing a photoresist layer 3. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In this invention, the plasma of the low-grade fluoridation carbon which has the oxygen 
gas concentration doubled with the quantitative formula of the organic component of silicone in the dry etching 
of silicone, or fluorohydrocarbon is used as explained above. Therefore, pattern formation can also perform 
silicone, such as a phenyl group, in a short time, without the etching speed of dry etching falling [ a side chain ]. 
Moreover, since only a photoresist can be removed alternatively, without a crack's arising in silicone or thickness 
decreasing, since low damage mold Usher was used for dry type removal of a photoresist in this invention, the 
pattern precision of silicone improves as a result. Moreover, in this invention, without a crack's arising in silicone 
or thickness decreasing, even if it performs dry type removal of a photoresist with the oxygen gas plasma by 
barrel-type Usher since it pretreated after membrane formation of silicone with the inactive plasma or the 
oxygen gas plasma by low damage mold Usher and the front face of silicone was changed to the condition near a 
silicon dioxide, only a photoresist can be removed alternatively and pattern precision improves too. 
[0036] On the other hand, in this invention, after membrane formation of silicone, it processes with the inactive 
plasma or the oxygen gas plasma by low damage Usher, that front face is changed to the condition near a silicon 
dioxide, and, in addition, the oxygen gas plasma is used also at the time of dry type removal of a photoresist 
pattern. Therefore, in order to remove the residue (deposit) which remained by the dry etching when imprinting 
the pattern of a photoresist, even if it processes with the mixed liquor of monoethanolamine and dimethyl 
sulfoxide, the wet removal of the deposit can be carried out, without a crack's arising to the pattern of silicone 
or thickness decreasing. For this reason, the etching conditions by reactant gas with the low rate of a volume 
ratio of the oxygen gas which a deposit produces in the dry etching which imprints a pattern can be chosen, 
anisotropic etching becomes possible as a result, and pattern precision improves. If the pattern technique of this 
invention is used when silicone is applied to the interlayer insulation film of a semiconductor device etc. by the 
above thing, dependability will improve in the productivity list of a semiconductor device. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the process sectional view showing one example of this invention. 
[Description of Notations] 

1 Semi-conductor Substrate 

2 Silicone Layer 

3 Photoresist Layer 
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DRAWINGS 
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